Symbiosis Between Arabidopsis thaliana and Colletotrichum
tofieldiae for Enhanced Phytoremediation of Indoor VOCs
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Arabidopsis thaliana, a small flowering plant native to
Eurasia and Africa, is known to have the ability to
reduce the concentrations of elemental pollutants
such as mercury, lead, and cadmium and organic
pollutants like benzene, trichloroethylene, and xylene
from air and soil (Zhang et al., 2018). This particular
process of pollutant treatment is known as
phytoremediation (Pilon-Smith, 2005). There have
been a number of studies investigating the beneficial
effects of mycorrhizal fungi on phytoremediation, but
almost all of these studies focused on heavy metal
phytoremediation in soil (Gaur et al., 2004). Despite
the promising findings from those studies, the effect
of plant-fungal symbiosis on organic pollutant
removal from air has not yet been fully explored. In
this study, we are working to test the possible
enhancement of Arabidopsis thaliana
phytoremediation activity against a common indoor
VOC, toluene, by introducing an endophytic fungus,
Colletotrichum tofieldiae, to the plant foliar tissues.
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Figure 1. Samples from the phytagel
growth experiment. Shown above are
the Arabidopsis thaliana seeds grown
in media with A. 2.0% B. 1.2% C.
0.8% and D. 0.2% Phytagel. The
largest overall growth rate was
observed among the seeds planted in
2.0% phytagel media.
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Figure 2. Box plot summarizing the results from the
Phytagel growth experiment. Note that the seedlings
grown in 1.2% Phytagel have the highest average
length, but their germination rate was recorded to be
62.5%, which is lower than the 100% germination rate
of 2.0% Phytagel seedlings.

METHODS AND MATERIALS
Phytagel Growth Experiment
4 types of media with 0.2%, 0.8%, 1.2% and 2% SIGMAALDRICH Phytagel™ and half strength Murishige-Skoog
Basal Salt Mixture were prepared. Then, each media type
was aliquoted into 35 mm petri dishes and 2 surface
sterilized Arabidopsis thaliana seeds were planted per
plate (5 replicates per media, 20 dishes in total). All the
dishes were kept in a Conviron C1000 Growth Chamber,
with 21-23°C, 0% humidity and 16:8 photoperiod (Daylight:
Level 2 lightning, Night: Level 0 lightning). 2 weeks later,
the petri dishes were removed from the growth chamber for
analysis; each dish was photographed individually and
analyzed using an open source image processing package
called FIJI-ImageJ to quantify the seedling lengths and the
number of germinations per dish. The data were compiled
and visualized using a box plot created with RStudio.
Phytoremediation Analysis
A growth media was made using 2.0% SIGMA-ALDRICH
Phytagel™ and half strength Murishige-Skoog Basal Salt
Mixture. The media was aliquoted into 12 Thermo Scientific
I-Chem® Wide-Mouth Tall-Form Clear Glass VOC Septa
Jars with Open-Top Closure (250 mL). 4 surface sterilized
Arabidopsis thaliana seeds were planted into each septa
jar and they were kept in a Conviron C1000 Growth
Chamber, with 21-23°C, 0% humidity and 16:8 photoperiod
(Daylight: Level 2 lightning, Night: Level 0 lightning). A
week later, the jars were inspected for bacterial
contamination. To continue the experiment, toluene gas will
be injected into 6 jars with seeds as well as the additional
jars containing only media, the quantity of gas will be
determined using the protocol in Park et al. (2009). 24
hours later, Gas Chromatography/Mass Spectrometry
analyses will be conducted on the seedling jars (with and
without fungi) along with controls with and without VOC.

RESULTS, DISCUSSION,
FUTURE WORK
• I developed a protocol to grow axenic Arabidopsis
seedlings on tissue culture media (Fig. 1 and 2).
• A target endophytic fungal species, Colletotrichum
tofieldiae, was identified.
• I was developing a method for solid phase
microextraction (SPME) based sampling of the
target VOC, toluene, in manipulative experimental
conditions.
Follow up work could look at different fungi and
VOCs using this experimental design. The
implications of this study can be used for developing
alternative indoor air decontamination strategies to
improve public health.
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